Thirty-three samples of wheat of the 1982 crop year from Kansas and Nebraska were analyzed for deoxynivalenol, T-2 toxin, zearalenone, and aflatoxin. Deoxynivalenol was identified in 31 of 33 samples, zearalenone was identified in 3 of 33 samples, and aflatoxin B1 was identified in 23 of 31 samples. One 1982 wheat sample from Illinois and one from Texas were also contaminated with deoxynivalenol at 1,200 and 600 ng/g, respectively. None of the samples contained detectable T-2 toxin. The mean concentration of deoxynivalenol was 1,782 ± 262 ng/g, and the concentrations of aflatoxin B1 ranged from 0.8 to 17.0 ng/g, with a mean of 3.37 ± 0.7. Zearalenone concentrations of the three positive samples were 35, 90, and 115 ng/g. However, density segregation of two other samples which tested negative yielded light fractions, comprising <2% of the samples, contaminated at 230 and 254 ng of zearalenone per g; calculated zearalenone concentrations for these two samples were below the limit of detection of the method. The high frequency of aflatoxin B1 and deoxynivalenol in wheat from the 1982 crop is unprecedented, as is the simultaneous contamination of some samples with deoxynivalenol, zearalenone, and aflatoxin B1.
Ind.) were prepared gravimetrically and maintained in benzene. Reagents were ACS grade or equivalent, organic solvents were reagent grade or high-pressure liquid chromatography grade as appropriate for procedures and, unless otherwise noted, were purchased from Fisher Scientific Co. (Raleigh, N.C.). Water was high-pressure liquid chromatography quality from a model 1000 Hydro Ultrapure Water System (Hydro Service and Supplies, Inc., Research Triangle Park, N.C.).
Wheat samples. Wheat samples were taken from graded lots offered for sale at buying points in Kansas and Nebraska and tested for moisture content and other grade factors. All samples were below 14% moisture, and most were below 13%. The samples were taken from four buying points in the two states, and each sample was from a different farm. Single samples were received from Texas and Illinois. Subsamples (ca. 2 kg) were placed in cloth bags and shipped at different times by parcel service to the North Carolina State University Mycotoxin Laboratory. Time in transit was 48 h. Immediately on receipt, samples were stored at -10°C pending grinding to pass a 1-mm screen. The foregoing precautions were taken to prevent growth of Aspergillus flavus, which requires a minimum of 17% moisture in wheat (3) . Two unground samples were fractionated by density segregation (11, 12) . After density segregation, fractions were placed immediately in a forced draft oven at 65°C for 24 h, after which they were weighed, milled, and analyzed for zearalenone or deoxynivalenol. The frequency of contamination of the wheat samples with zearalenone was much lower; only 3 of 33 samples contained zearalenone detectable by the method used. However, two negative samples were submitted to density segregation by placing them in water. The kernels which floated had detectable zearalenone (the light fraction from one sample contained 230 ng/g and the other contained 254 ng/g). These two light fractions accounted for <2% of the original sample. Calculation of the mean zearalenone concentration for the original samples resulted in values of less than 20 ng/g. Thirty-one of the samples from Kansas and Nebraska were analyzed for aflatoxins (the other two samples from these states were used for the density gradient segregation experiment), and 23 contained detectable amounts of aflatoxin B1 which ranged from 0.8 to 17.0 ng/g. Traces of aflatoxin B2 were often noted, but no samples contained aflatoxins G, and G2. Twenty-one of the samples containing aflatoxin B1 also contained deoxynivalenol.
Two of the three samples positive for zearalenone also APPL. ENVIRON. MICROBIOL.
on July 5, 2017 by guest http://aem.asm.org/ Downloaded from contained deoxynivalenol and aflatoxin B1, and the third sample did not contain aflatoxin. T-2 toxin was not found in any of the samples. DISCUSSION The simultaneous occurrence of deoxynivalenol, aflatoxin B1, and zearalenone does not appear to have been reported before in any natural product. The occurrence of deoxynivalenol and zearalenone together has been reported previously (16) , as would be expected, since they are both produced by F. roseum. Because aflatoxin is produced by an unrelated group of fungi, A. flavus and A. parasiticus, its simultaneous occurrence with deoxynivalenol and zearalenone implies that the wheat was infected by two different fungi before sampling and analysis. Whether the infections were simultaneous or sequential cannot be deduced. Because the A. flavus-parasiticus group is reported to be more xerotolerant than Fusarium sp. (4), one might reasonably deduce that the Fusarium infection was first, and as the wheat dried in the fields the aspergilli succeeded to the ecological niche no longer habitable by the fusaria. The failure to find any aflatoxin G1 or G2 in the wheat suggests that A. flavus and not A. parasiticus was the responsible fungus because A. parasiticus and not A. flavus typically produces G1 and G2 (9) .
The high frequency of contamination with aflatoxin (ca. 74%) found here is almost totally at variance with previous studies and surveys which failed to find confirmable aflatoxins in 1,481 samples of wheat from 6 crop years in the northern, midwestern, and southeastern United States (24) (25) (26) . Surveys in Canada (20) , Egypt (8), Australia (5) , and England (17) also failed to find any detectable aflatoxin. A single contrary report by Lafont and Lafont (14) , who found aflatoxin ranging from 0.24 to 225 ng/g in 15 of 32 commercial lots of French wheat, appears to have prompted extensive research on the fate of aflatoxin during the making of bread from wheat (6, 21). More recently, Bryden et al. (1, 2) reported aflatoxin at 10 to 700 ng/g in 12 of 22 samples of water-damaged Australian wheat after storage. There are at least two possible reasons for the discrepancy between the present results and these earlier reports. Perhaps a prior or simultaneous infection with F. roseum is required before A. flavus can establish itself and produce aflatoxin. Another reason could be the differences in analytical techniques. Many of the earlier negative surveys of wheat (24, 25) used a comparatively insensitive multitoxin assay (7) or variations of it (20) . It is interesting that investigators reporting aflatoxin in stored wheat (1, 2, 14) used the methods of Pons et al. (18, 19) , which employ aqueous acetone as the extracting solvent and two separate clean-up stgps.
The simultaneous occurrence of deoxynivalenol, aflatoxin, and zearalenone in wheat at harvest offers the possibility of many unanticipated interactions to the detriment of animals and humans comsuming the wheat (15) . Since the "safe" levels of the toxins individually or in concert are not known, it would seem prudent to limit or reduce exposure to them. The observation that the light fraction of wheat was enriched in zearalenone plus the observation that the Fusarium-infected wheat is lighter in weight than normal wheat (4) suggest that a simple density segregation or other classification of the grain would result in a safer product. Even this minor fraction of grain presumably could be decontaminated.
The present findings emphasize the necessity for research on toxic interactions of mycotoxins and for an awareness that mixed mycotoxicoses may occur in nature. The detection and monitoring of fungal problems in food and feed chains is a plural, not a singular, task.
